This study is one of only a handful to combine strontium, oxygen, carbon, nitrogen and sulphur isotope data for medieval human remains, in this case from individuals buried in a cemetery in the remote Scottish coastal village of Auldhame, which was abandoned in the 17 th century AD.
Introduction
The Auldhame site was discovered during ploughing in 2005 and is located on Auldhame Farm, near Tantallon Castle on the East Lothian coast of Scotland, UK (Figure 1 ). The foundations of a medieval church and a graveyard containing 242 burials have been excavated (Hindmarch 1 ). The large number of well-preserved human skeletons provides an excellent opportunity to study the population origin and behaviour of a substantial group of individuals across the medieval and early post-medieval periods. The medieval period in Britain was a time of population influx and raids by groups including the Vikings are well established in the historical literature for this time, including in Lothian (Webster 2 ). This study aims to utilise a suite of isotopes to firstly investigate the population composition of the village (strontium and oxygen isotopes) and secondly to examine their dietary behaviour (carbon, nitrogen and sulphur isotopes). Previous paleodietary findings from medieval samples have examined the impact of religious practises (Müldner and Richards 3 ), the age of weaning in medieval Britain (Richards 4 ; see further Fogel 5 ; Fuller 6 ), sexspecific differences in diet (Richards 7 ) and whether individuals settled in marginal communities were able to diversify and include marine fish in their diet (Richards 7 ). Sulphur isotopes are becoming increasingly utilized as an additional tool for bone dietary studies (e.g. Richards 8, 9 ; Craig 10 ; Nehlich 11, 12, 13 ; Privat 14 ); in particular to distinguish between terrestrial and marine based diets. The data derived from the current study will contribute further knowledge to dietary practices of a marginal rural medieval settlement and explore whether or not there were any clear population influxes. As there are few previous applications of isotope analyses to Scottish medieval assemblages (Stevens 15 ; Richards 4 ), the current study also makes an important contribution to the expanding corpus of data that can inform on the dietary background from a Scottish perspective. This study combines Sr, O, C, N and S isotope data for individuals from
Auldhame and thus provides an opportunity to build up a picture of medieval life in rural Scotland.
Background to Isotopic Analyses
Over the past 20 years, isotope analysis has become a widely used tool in archaeology for assessing the origin and movements of animals. The premise is based on known geographical variations in stable and radiogenic isotopes (e.g. Richards 7 ; Montgomery 16 ; Price 17 ). Oxygen and strontium isotopes are fixed in enamel biogenic phosphate at the time of tooth formation.
Biogenic phosphate is extremely robust and the isotopic signature of enamel does not normally change during life, nor is it altered in the burial environment. Initially research focused on strontium isotopes (Ericson 18 ; Price 19 ), which are now increasingly analysed in parallel with phosphate-bound oxygen (Fricke 20 ; Evans 21 ; Chenery 22 ; Schwarcz 23 ). Strontium isotopes are derived from both solid and liquid foods and relate to the soil-derived bio-available strontium which, in the absence of any surficial deposits such as peat, loess, tills etc., is related to the geology of the area where the food was produced (see Price   17 for review). Oxygen isotopes incorporated into living organisms are derived primarily from ingested fluids and reflect the isotopic value of available meteoric, ground or drinking water. The oxygen isotope composition of meteoric water will primarily be determined by global water cycles (Dansgaard 24 ) and processes such as evaporation and condensation; thus they vary systematically with latitude (Dansgaard 24 ; Darling 25 ). Hence, oxygen isotope ratios should, therefore, provide proxy data for place of origin (Darling 26 ; Fricke and O'Neil 27 ; Longinelli 28 ). As strontium and oxygen isotopes behave independently of one another, they allow two parameters for investigating an individual's place of origin and migration patterns.
Palaeodietary reconstruction is based on the principle that the isotopic composition of consumed food (dietary proteins, carbohydrates and lipids) is transformed by the body and preserved in animal tissues (e.g. bone collagen, hair, and dentine) (Sealy 29 ). For carbon isotopes, animal tissues will reflect the  ).
Demographic Background
The 242 human burials from Auldhame consisted of 161 adults (67%) and 81 sub-adults (33%).
The coastal location and date of the village occupation indicated the potential for population influx or evidence of migration to exist in the sample. A random selection of 50 individuals testing 20% of the population sample was undertaken based on individuals with good skeletal completeness and preservation and individuals that could be tightly constrained to a burial phase.
The osteology of the fifty samples is presented in Table 1 and the demographic profile of the burials is presented in is not statistically significant (Chi 2 =0.65 (df1), p=0.420) and is therefore unlikely to exert any influence in sex-specific trends in the data.
Of relevance to the isotope interpretation, the local bedrock geology of this area of coastal East
Lothian is dominated by rocks of the Carboniferous period and the bedrock is Carboniferous
Limestone with a large area of andesitic/basaltic volcanic rocks nearby. To the south, the Southern Uplands are dominated by Palaeozoic meta-sedimentary rocks, and to the North, beyond the Devonian deposits, the older Scottish Proterozoic rocks outcrop.
Methods

Isotope Analysis
Analysis of carbon ( from the surface to a depth of >100 µm using a tungsten carbide dental bur and the removed material discarded. A thin slice of enamel was then cut from the tooth using a flexible diamondedged rotary dental saw. All sawn surfaces were mechanically cleaned with a tungsten carbide bur, and any adhering dentine was removed.
Strontium Isotopes
Enamel samples for strontium isotope analysis were transferred to a clean (class 100, laminar 
Collagen Extraction and Methods of Carbon, Nitrogen and Sulphur Isotope Analysis
Collagen was extracted using a modified Longin method (Brown 54 ). Approximately 0.5-1.0 g of bone was cleaned and covered with 8 ml of cold 0.5 M HCl to demineralise. The remaining solid collagen was rinsed and solubilised in a solution of pH3 HCl at 70ºC in a hot block for 48 hours.
The solutions were then filtered using an 8μm Ezze filter to remove solids before freeze drying.
Two aliquots from each collagen sample were weighed into small tin capsules for analysis with 
Results
Population Origins
The data from the strontium and oxygen analysis are presented in Figure 2 and Table 3 
Paleodietary Results
The carbon, nitrogen and sulphur isotope results from the sample are shown in Tables 4-7; Figures 3-6. The collagen atomic C/N ratios fall into the expected range for well-preserved bone (2.9-3.6; DeNiro 57 ), apart from two individuals (AULD-SK 104 and AULD-SK 426), which fall just outside of this range (Table 4 ) and these 2 values are excluded from further discussion.
Criteria for assessing sulphur preservation in collagen are less well established but Nehlich and 13 suggested that atomic C/S ratios between 300-900 and atomic N/S ratios between 100-300 were indicative of well-preserved collagen. Of the 11 individuals selected for sulphur analysis, all fall within these ranges ( Table 5 ).
Richards
The range of δ across the adult age ranges is the relatively high value of 17.5‰ for the 26-35 age group (Table   6 ), otherwise there are no clearly detectable age-related differences in adult dietary composition.
There is little evidence for a sex-based difference in the carbon isotopic signature between adults in the sample who could be sexed (19/31 females and 11/31 males), mean male δ The highest nitrogen values in the Auldhame sample derive from the 2 juveniles aged 6-11 years ( Figure 5 ). The overall average of the 11 individuals for  34 S is 13.8±0.1‰ and this is compared to other coastal and inland medieval sites in Europe ( Figure 6 ).
When the isotope results are considered by each phase of cemetery use, it is evident that there are no notable changes in the mean isotope results over time, although the small number of individuals radiocarbon dated meant that this could not be confirmed with statistical testing (Table 7) . There is no clear evidence to indicate a change in the local strontium and oxygen isotopes throughout the period of use, further confirming that there were no large-scale changes to the structure of the local population through time. In addition, there does not appear to be any change in the composition of the local diet through time.
Discussion The Population Composition
The strontium and oxygen isotope analysis from Auldhame demonstrates that the group was Drinking water values are based on the assumption that the main source of water into the body is from an unaltered rainwater source, either directly, or from aquifers. If for some reason such a source is not the main water intake (e.g. breast-feeding infants) the value can become modified.
The individual may have come from a warmer climate where the Sr isotope systematics are indistinguishable from those in Lothian. Alternatively, the individual could be a random statistical outlier in the population sample. It is also possible that the water intake of this individual was modified in some way so that it did not conform to the typical model of un- N value, adding to the suggestion that this individual may be an immigrant to the area with a more marine based diet, in this case, from further north.
Conclusions
As there is a paucity of archaeological evidence for medieval rural settlements in Scotland, the multi-isotope data set presented here allows an insight into the life and diet of a largely sedentary population. The strontium and oxygen isotope analysis from Auldhame tooth enamel demonstrates that the group was predominantly comprised of a local, static population and this allows insight into the diet of a population predominantly unaffected by outside influences.
Given the close locality of the settlement of Auldhame to the coast, and the seemingly increasing reliance on fish in the medieval diet, one may assume that high nitrogen isotopes in the bone indicate a marine contribution to the diet. However, the largely terrestrial carbon isotope signature suggests that this is not the case. Evidence for soil deepening, and by implication manuring, at the site suggests the population were consuming cereals or animal products enhanced with nitrogen due to manuring practices. to be unusual for the medieval period, we suggest is perhaps more widespread than originally thought. We suggest that if communities were using soil improvement techniques then this may explain the combination of low δ Carolyn Chenery is thanked for her advice on the paper. ). 
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